Abstract. The ability of 32 P-labeled transcribed cRNA probes to detect tomato ringspot virus (TmRSV) RNA in nucleic acid extracts from roots, bark, and leaves of nectarine (Prunus persica [L.] Batsch) trees with the Prunus stem-pitting disease was assessed and compared with detection of TmRSV antigen by enzyme-linked immunosorbent assay (ELISA) in the same tissues. Neither TmRSV-specific nucleic acid nor antigen was detected in nectarine leaf tissue. ELISA detected TmRSV antigen in root extracts from 71% of the diseased trees, while dot hybridization detected virus-specific nucleic acid in 18% of the same samples. However, ELISA detected TmRSV antigen in only 47% of bark extracts; whereas TmRSV-specific nucleic acid was detected in 100% of the bark extracts from samples collected at or near the soil line. When nucleic acid extracts from bark were prepared from various locations on diseased trees and tested for TmRSV-specific nucleic acid by dot hybridization, there was an almost perfect correlation between the presence of stem-pitting symptoms and the detection of TmRSV nucleic acid. Detection of TmRSV RNA from the bark tissue of rootstock suckers from TmRSV-infected 'Delicious'/MM.lO6 apple (Malus × domestica Borkh.) trees was unsuccessful using dot hybridization. The viral RNA, however, was usually detected in either leaf or root tissue of these same trees.
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propagated vegetatively, the production and certification of TmRSV-free propagating stock is an important component of any control strategy. Thus, the development of reliable detection assays for TmRSV is a high research priority. This research has generally taken an immunological approach, involving the use of enzyme-linked immunosorbent assay (ELISA) procedures (Lister et al., 1980; Powell, 1984 Powell, , 1987 Powell, , 1990 . These procedures have been of great value to certification programs and in epidemiological studies on TmRSV-induced diseases. However, the immunological approach can lead to falsenegative reactions because of low virus titer, uneven virus distribution (Bitterlin et al., 1984 Gonsalves, 1981) , and strain variability and false-positive reactions associated with normal plant components (Mink et al., 1985; Powell, 1984] . It would, therefore, be advantageous to be able to detect TmRSV by nucleic acid hybridization.
A portion of the TmRSV genome has been cloned and used to generate a cRNA probe that hybridizes specifically with RNA 2 of TmRSV (Hadidi and Powell, 1991) . This report presents data comparing the efficiency of this probe with ELISA in detecting TmRSV in various tissues of nectarine trees. Detection of TmRSV in apple trees by a dot hybridization assay is also reported.
Leaf, bark, and root samples were collected from 17 nectarine trees with symptoms of the Prunus stem-pitting (PSP) disease from two Pennsylvania orchards in late summer; from five nectarine trees with symptoms of the same disease from the Fruit Research Laboratory, Biglerville, Pa., in spring; and from 11 virus-indexed nectarine trees from the Pennsylvania tree fruit repository. The symptomatic trees were known to contain TmRSV based on many previous ELISA tests in which they had tested positive for the virus at least once. Leaf samples consisted of four or five young leaves from different branches of these trees. Bark samples, unless otherwise indicated, were taken from below the soil line where symptoms were present. Root samples consisted of small feeder roots, no larger than 1 mm, collected from the same side of the tree as the bark samples. The sample weight was 1 g and contained only living tissue. This sampling procedure was previously shown to work best for ELISA indexing of peach trees for TmRSV (C.A.P., unpublished data). Samples from six apple trees were collected in the spring from the leaves, bark, and root tissues of rootstock suckers from five 'Delicious'/ MM.106 apple trees with apple union necrosis and decline (AUND) from the Fruit Research Laboratory's orchard in Biglerville. Apple bark samples were collected from just above the soil line.
Each sample, on the day collected, was placed in a mortar and frozen by submersion in liquid nitrogen. The samples were triturated with a pestle while frozen and then thawed by adding 10 ml of phosphate-buffered saline (PBS; 0.15 M sodium chloride, 0.015 M sodium phosphate, pH 7.4). Microtiter plates, precoated with antiserum to TmRSV-A (Powell and Derr, 1983) , received 250 µl of the extract from each sample in each of two wells. Eight milliliters of salt-saturated phenol and 8 ml of chloroform were added to the remainder of the sap. This emulsion was centrifuged at 8000 rpm for 10 rein, and the upper, aqueous layer was removed. Total cellular nucleic acids were precipitated from the aqueous layer with one-tenth volume of 3.0 M sodium acetate (pH 6.0), three volumes of 95% ethyl alcohol, and storage at -20C overnight.
TmRSV antigen was detected by DAS ELISA as previously described (Clark and Adams, 1977; Powell, 1984) . TmRSV RNA was detected by dot blot hybridization of total cellular nucleic acids with SP6-generated 32 P-labeled cRNA probes, followed by autoradiography (Hadidi and Powell, 1991) .
A comparison between ELISA and hybridization for detecting TmRSV infection of nectarine trees is shown in Table 1 . TmRSV infection was not detected by either ELISA or hybridization in leaf extracts from nectarine trees with the PSP disease. ELISA detected TmRSV antigen in nectarine bark extracts of 47% of the diseased trees, and hybridization detected TmRSV RNA in 100% of the extracts. ELISA detected TmRSV antigen in root extracts from 71% of the diseased trees, and hybridization detected TmRSV RNA in extracts from 18% of the trees. The extracts from leaves, bark, and roots of nectarine trees known to be free of TmRSV gave very low color (ELISA) or autoradiographic (hybridization) background. All tests were clearly positive or negative when read visually, and spectrophotometric or densitometric quantitation was unnecessary.
The results of a representative experiment comparing the presence of stem-pitting symptoms in young nectarine trees with the distribution of TmRSV-RNA are shown in Fig. 1 . In general, extracts from bark removed from areas of the tree where stempitting symptoms occurred contained detectable TmRSV RNA. Extracts from bark removed from above the stem-pitted region or from the opposite side of the trunk, where symptoms were absent, contained no detectable TmRSV RNA.
Nucleic acid extracts from leaves, bark, and roots of rootstock suckers of five 'Delicious'/MM.lO6 apple trees with AUND were compared with those from five nectarine trees with the PSP disease for the detection of TmRSV by dot hybridization assay (Table  2) . Virus-specific RNA was detected in bark tissue extracts of all the symptomatic nectarine trees and in root tissue extracts of two of these trees but not in leaf extracts. Leaf or root tissue of four out of five symptomatic apple trees tested positive for TmRSV. The virus, however, was not detected in bark tissue of the apple trees.
The failure to detect TmRSV antigen and RNA in leaves of infected nectarine trees was expected. Numerous ELISA tests for TmRSV in peaches in Pennsylvania orchards over the last 10 years have rarely detected the virus above the soil line. The only time TmRSV was detected in leaves or flowers of field-grown peaches was during the first flush of growth in the early spring. This result could not be repeated in the same trees the following year (C. A.P. and M.A. Derr, unpublished data) . In contrast, TmRSV could easily be detected in leaves of peach trees inoculated with TmRSV by nematodes and maintained in the greenhouse. The lack of movement of TmRSV antigen and RNA into the leaves of peach trees under Pennsylvania field conditions is unexplained.
Hybridization was more efficient than ELBA in detecting TmRSV infection of nectarine trees when bark extracts were analyzed, but ELISA was more efficient when root extracts were analyzed. The reason for these differences is unknown.
The maximum ELISA efficiency for detecting TmRSV in nectarines (Table 1) of 71% is unsatisfactory for many certification and experimental purposes. Hybridization with a cRNA probe should improve the diagnostic efficiency in woody plants. Also, hybridization may be useful for confirming the etiology of diseases of other weedy plants with symptoms similar but not identical to PSP.
Detection of TmRSV by hybridization with 32 P-labeled transcribed cRNA probes offers clear advantages over ELISA for epidemiological studies on orchard trees. Declining peach trees frequently show symptoms that are similar, but not identical, to classic PSP symptoms. Hybridization should be able to identify more clearly which trees are truly infected with TmRSV. The effectiveness of hybridization to detect TmRSV in presymptomatic, infected nursery stock still needs to be determined because of its implications for certification and breeding programs.
